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2og (6) In the special case when a test substance is added only to the perfusion fluid, c, and cf are zero and equation 3 reduces to the expression for outflux coefficient given by Heisey et al. (8) .
.
Thus, k, can be determined from equation 4 by adding a test material to the perfusion reservoir and determining Vi, V,, cir co, and Cr,. When the test material is normally present in plasma, k, may still be determined from equation 4 if an isotope of the test substance is added to the perfusion fluid. Once the value of k, has been determined, the value of ki can be calculated from equation 3 using data obtained when the test substance is present in both plasma and CSF. For this purpose it is necessary to assume a value for cf, i.e., for the concentration in fluid formed in bulk. Ames et al. (I) have shown that sodium and chloride are present in freshly formed choroid plexus fluid in approximately the same concentration as in plasma, and it will be assumed that cf = c, in computing influx coefficients for these ions. In the case of potassium, the concentration in fluid secreted by the plexuses remains close to 3 mmolal even when plasma concentration is varied (Ames, personal communication). Thus, cf for potassium will be assumed to be 3.0; however, the exact value assumed has little effect on calculated influx coefficients since only a small fraction of total potassium influx can be accounted for by bulk secretion.
It should be emphasized that the flux coefficients, k, (equation of percent influx from bulk secretion in Table I ). The ionic component of potassium exchange is'unaffected by inhibition of choroid plexus secretion by acetazolamide, as shown in Table  3 . Under these conditions, ionic transport processes account for more than go 70 of total potassium exchange with ventricular CSF. The data referring to anesthetized dogs shown in Table  2 were obtained during the first 2 hr of ventriculocisternal perfusion, Continued perfusion is usually accompanied by a gradual increase in the passive permeability of the ventricular system. The outflux coefficient for creatinine is approximately doubled after 4-6 hr of perfusion, as shown in Fig. I , and permeability to sodium and chloride increases proportionately, as shown in Fig. 2 Table 4 and data from five experiments are summarized in Fig. 3 , Ouabain decreases the transependymal outflux coefficient of K42 from about 0.20 ml/min (at normal creatinine outflux coefficient of .025) to about 0.05 ml/min. The residual outflux of potassium after inhibition with ouabain is proportional to creatinine outflux and essentially equal to the sodium and chloride outflux coefficients, as shown in Fig. 2 . These results suggest that about 75 % of transependymal potassium outflux is dependent on active ion transport.
In contrast to its effect on potassium outflux, ouabain does not change potassium influx significantly. Uptake of CSF outflux by brain tissue. Figure 5 shows uptake of K42 and Na22 by brain tissue of rats in relation to total uptake from the perfusion fluid (total uptake includes both transependymal outflux and outflux via bulk absorption).
After 4 hr of perfusion, brain uptake accounted for approximately two-thirds of total K42 outflux, whereas less than 20 % of Na22 outflux was recovered from brain. However, the uptake by blood (calculated as the difference between total uptake and brain uptake) was approximately the same for the two isotopes. The large difference between the Na and K outflux coefficients ( Brain tissue of rats normally contains about IOO ,uEq potassium and 50 PEq sodium/g wet wt (I 0). The total quantity of K42 recovered from brain after 4 hr of perfusion is equivalent to an amount which would be contained in only 0.08 g of brain tissue in equilibrium with the perfusion fluid (2.5 ml CSF containing 3 PEq potassium/ml would distribute in 0.08 g tissue containing IOO pEq/g). In contrast to K 42, the quantity of Na22 recovered from brain after 4 hr of perfusion is equivalent to an amount which would be contained in 0.7 g, or close to 50 % brain weight (.23 ml CSF containing 150 ,uEq sodium/ml would distribute in 0.7 g tissue containing 50 ,uEq/g). Evidently, intracerebral potassium pools act as a sink for K42 outflux, whereas Na22 equilibrates rapidly (within 45 min) with brain tissue close to the CSF. Penetration of Na22 into tissue located farther from the CSF is presumably limited only by the rate of free diffusion through extracellular channels ( I 4). Influx of K. About two-thirds of potassium outflux from CSF is taken up into brain intracellular space (Fig.  5) . It can be anticipated, therefore, that potassium entering brain from blood will also exchange with intracellular ion pools. Katzman and Leiderman (I I) have shown that more than 40 hr are required for isotopic potassium injected into blood to reach equilibrium (i.e., equal specific activity) with potassium in brain. Therefore, the specific activity (SA) of potassium reaching ventricular fluid from brain will be low relative to the SA of plasma potassium following intravenous injection of K42. The SA of the transependymal influx into CSF (SAi,fi,,) is given by
where the asterisk denotes the isotopic value. Figure 6 shows the SA of transependymal potassium influx relative to that of plasma following intravenous injection of K 42 The relative SA of influx was determined . as follows. First, the ventriculocisternal system was perfused with CSF containing trace amounts of K42, and the outflux coefficient, k,, calculated according to equation 4 ( i.e., there was no K42 in blood). The influx coefficient for K39 (ki) was then determined by equation 3 using the potassium concentrations in inflow, outflow, and plasma. The ventriculocisternal system was then perfused with K42-free solution until the outflow concentration of K42 
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After treatment with ouabain, the permeability to K42 is indistinguishable from that to Na24 or C136 as shown in Fig. 2. was insignificant, and K42 was injected intravenously for determination of the influx coefficient for K42 (ki*) according to equation 3. Figure 6 shows that the SA of potassium reaching ventricular perfusion fluid was less than 70 70 that in plasma 5 hr after the iv injection of K42, thus indicating exchange with brain potassium. The SA of brain potassium is shown for comparison.
DISCUSSION
In this paper it has been shown that the large extraction of K42 from fluid perfusing the cerebral ventricles is dependent on uptake of K42 into brain tissue. Approximately two-thirds of the total outflux of K42 was recovered from brain. After perfusion with 10~~ M ouabain, the outflux of K42 was reduced to about 25 % of its normal value, indicating that active ion transport is required for the large outflux. The active step in outflux might be ascribed to the ependyma or to cellular components within the brain. Two facts favor the view that the active step inhibited by ouabain is cellular potassium uptake. 1) The fact that relatively large, nonmetabolized organic molecules such as creatinine or even inulin (2 I) can diffuse across the ependyma makes it unnecessary to assume an active role for ependymal cells.
2) The fact that ouabain does not inhibit transependymal potassium influx cannot be adequately explained if the active step in outflux is ascribed to the ependyma. cated at the choroid plexuses and one located at the blood-brain barrier.
The relative contributions of choroidal and extrachoroi da1 ion transpor t systems to potassium homeostasis cannot be assessed from present data because the extrachoroidal flux measurements described above refer to exchange with brain rather than to steadystate exchange between CSF and blood.
~ehtkmship between CSF and brain extracellular fluid. The low concentration of potassium in CSF (2.8 mmolal) relative to that normally found in plasma (4.5 mmolal) is maintained constant by regulatory transport mechanisms described above. From a functional point of view, it is important to determine whether the concentration of potassium in fluid surrounding neurons within the brain is similar to that of CSF within the large cerebral cavities or whether it is close to that of plasma. The present experiments, taken in conjunction with results of Katzman and Leiderman, suggest that the composition of brain extracellular fluid is similar to that of CSF with respect to potassium.
A quantitative comparison of transependymal potas-
